



































第４節 Toll 様受容体を介した NF-B シグナル経路活性化に対する












































































Figure 1-2. 自然免疫と獲得免疫の関連性 
 
炎症性免疫応答の惹起や維持には、様々な細胞内での炎症性シグナル経
路の活性化が重要となることが明らかとなっている。なかでも Nuclear factor-kappa 























































alba L. bark extract: MabE）の効果を明らかとすることに加え、桑白皮ならびに発
















識受容体である TLRはヒトで 10種類（TLR1-10）、マウスで 12種類（TLR1-9, 11-
13）が知られており、認識するリガンドや細胞内での局在、シグナル伝達に必要とする
補助因子などがそれぞれ異なる（Figure 2-1）(37)。一方、TLRの下流シグナルは共



















































NaHCO₃、100 units/mL penicillin G、100 mg/mL streptomycin および




RAW264.7-NFB-Luc2細胞を 2×10⁴ cells/well となるよう 96穴プレートに播
種し 37℃で一晩培養したのち、MabE (0, 0.5, 1, 5, 10, 25 g/mL)を加えた。1
時間後、IMQ (10 g/mL), polyI:C (10 g/mL), LPS (10 ng/mL)のそれぞれで





RAW264.7-NFB-Luc2細胞を 5×10⁴ cells/well となるよう 96穴プレートに播
種し 37℃で一晩培養した後、 MabE (0, 0.5, 1, 5, 10, 25 g/mL)を加えた。1
時間後、IMQ (10 g/mL), polyI:C (10 g/mL), LPS (10 ng/mL)のそれぞれで
刺激し、直後にルシフェリン（300 g/mL）を加え 6時間後の発光活性を IVIS 
LUMINAⅡ(Caliper Life Sciences)にて測定した。 
 
細胞抽出液の調製 
RAW264.7細胞を 1%FBS含有 DMEM培地を用いて 1×10⁶ cell/well となる
よう 6穴プレートに播種し、37℃で一晩培養した。MabE（25 g/mL）を各 well





加え細胞を回収し、whole-cell lysis buffer (25 mM HEPES, pH7.7, 300 mM 
NaCl, 1.5 mM MgCl₂, 0.2 mM EDTA, 0.1% Triton X-100, 20 mM -
glycerophosphate, 1 mM sodium orthovanadate (Na₃VO₄), 1 mM 
phenylmethylsulfonyl fluoride (PMSF), 1 mM dithiothreitol (DTT), 10 




細胞抽出液を 4×SDS-PAGE sample buffer (100 mM Tris-HCl (pH6.8), 20% 




次抗体と反応させ、引き続き、0.1% Tween20（和光）を含む PBS で洗浄し、二次
抗体（Horseradish peroxidase (HRP)-conjugated anti-rabbit IgG、HRP-
conjugated anti-mouse IgG 、 HRP-conjugated anti-goat IgG (Dako, 
Glostrup, Denmark)）を加え、反応させた。同様に洗浄を行った後、ECL 
(Thermo Fisher Scientific, Rockland, IL, USA)を用いて処理し、X線フィルム
（富士フィルム、東京、日本）に感光した。なお、抗体の希釈には 5% BSA＋0.1% 
Tween20（和光）を含む PBS を用いた。一次抗体には p65, p-p65 (S536), p-
ERK (T202/Y204), p-p38 (T180/Y182) (Cell Signaling Technology, Beverly, 
MA, USA)および ERK1/2, p38, -actin (Santa Cruz Biotechnology, Santa 








に発光活性を測定した。RAW264.7-NFB-Luc2細胞を IMQ (TLR7)、polyI:C 
(TLR3)、LPS (TLR4)の各濃度で処置することにより、経時的な NF-Bの活性化が
























Figure 2-2. Response of RAW264.7-NFB-Luc2 cells to TLR ligands. 
 
TLR ligands-induced activation of NF-B pathway in RAW264.7-NFB-Luc2 
cells. Cells (5×10⁴ cells/well) were seeded onto 96-well plate and stimulated 
with each dose of IMQ, polyI:C, LPS for 0-6 hours. Luciferase activity was 
measured at the indicated time and the relative activity to untreated control 








Figure 2-3. MabE inhibits the TLR ligands-induced activation of NF-B in 
RAW264.7 cells. 
 
(A, B) RAW264.7-NFB-Luc2 cells (5×10⁴ cells/well) were seeded onto 96-well 
plate and pretreated with MabE (1, 5, 10, 25 g/mL). After 1 hour, they were 
stimulated by each TLR ligands (IMQ: 10 g/mL, polyI:C: 10 g/mL, LPS: 10 
ng/mL). Luciferase activity (6 hrs) or cell viability (24 hrs) was measured and 
the relative activity or viability to untreated control cells were determined. 
(C) RAW264.7 cells (1×10⁶ cells/well) were seeded onto 6-well plate and 
pretreated with MabE (25 g/mL) or culture medium. After 1 hour, they were 
stimulated by each TLR ligands (IMQ: 20 g/mL, polyI:C: 20 g/mL, LPS: 100 
ng/mL) for 3 hours. Equal amounts of protein in cell lysates were analyzed by 
western blot. The -actin protein levels were used to confirm that equal 







Figure 2-4. MabE inhibits the TLR ligands-induced activation of MAPK 
signals in RAW264.7 cells. 
 
RAW264.7 cells (1×10⁶ cells/well) were seeded onto 6-well plate and 
pretreated with MabE (25 g/mL) or culture medium. After 1 hour, they were 
stimulated by each TLR ligands (IMQ: 20 g/mL, polyI:C: 20 g/mL, LPS: 100 
ng/mL) for 3 hours. Equal amounts of protein in cell lysates were analyzed by 
western blot. The -actin protein levels were used to confirm that equal 













る。前節までに、マクロファージ様 RAW264.7細胞において TLR リガンドで誘導
される NF-BおよびMAPK経路の活性化をMabEが抑制することを示した。





RAW264.7細胞から RNeasy Plus Mini kit (Qiagen, Hilden, Germany)を用
いて RNAの回収を行った。各遺伝子発現は ABI Prism 7300 sequence 




 Forward Reverse 
IL-1 TCCAGGATGAGGACATGAGCAC GAACGTCACACACCAGCAGGTTA 
IL-6 CTGGAGCCCACCAAGAACGA GCCTCCGACTTGTGAAGTGGT 





RAW264.7細胞を 1%FBS含有 DMEM培地を用いて 1.5×105 cell/well となる
よう 24穴プレートに播種し、37℃で一晩培養した。MabE（25 g/mL）を各 well
に加え 1時間インキュベーションし、その後 IMQ (20 g/mL), polyI:C (20 
g/mL), LPS (100 ng/mL)それぞれで刺激を加え、37℃で 24時間培養した後、
上清のみを回収しサンプルとした。IL-1および IL-6産生量の測定はMouse 






ずれの TLR リガンドによる遺伝子発現の誘導を抑制した。さらに、TLR リガンド刺
















Figure 2-5. Effect of MabE on TLR ligand-induced inflammatory cytokine 
production in RAW264.7 cells. 
 
(A) RAW264.7 cells were treated with MabE (25 g/mL) for 1 hour, and then 
stimulated with IMQ (20 g/mL), poly I:C (20 g/mL), and LPS (100 ng/mL) 
respectively for 3 hours. The mRNA expression levels of interleukin (IL)-6 and 
IL-1 were quantified by Real-Time PCR. (B) The production of IL-6 and IL-
1 were assayed in the culture medium of cells stimulated with IMQ (20 
g/mL), poly I:C (20 g/mL), and LPS (100 ng/mL) respectively for 24 hours 
in the presence of 25 g/mL MabE. After culture supernatants were collected, 
each cytokines were quantified using ELISA kit according to the 
manufacturer’s instructions. N.D: not detectable. Data are shown as the 























RAW264.7-NFB-Luc2細胞を 5×10⁴ cells/well となるよう 96穴プレートに播
種し 37℃で一晩培養した後、Moracin O, P (0, 0.3, 3, 10, 100, 1000 nM)をそ
れぞれ加えた。1時間後、IMQ (10 g/mL), polyI:C (10 g/mL), LPS (10 
ng/mL)のそれぞれで刺激し、直後にルシフェリン（300 g/mL）を加え 6時間後





Moracin OおよびMoracin Pは、各 TLR リガンド（IMQ、polyI:C、LPS）刺激
で誘導した RAW264.7-NFB-Luc2細胞における発光活性を濃度依存的に抑
制した（Figure 2-6）。いずれの TLR リガンド刺激に対してもMoracin Oの方が
Moracin P と比較して強い抑制効果を示す傾向が見られた。また今回用いた
Moracin OおよびMoracin Pの用量では RAW264.7-NFB-Luc2細胞への










Figure 2-6. Moracin O and Moracin P inhibits the TLR ligands-induced NF-
B activation in RAW264.7 cells. 
 
(A) Chemical structure of Moracin O and Moracin P. (B) RAW264.7-NFB-
Luc2 cells (5×10⁴ cells/well) were seeded onto 96-well plate and pretreated 
with Moracin O or Moracin P (0.3, 3, 10, 100, 1000 nM). After 1 hour, they 
were stimulated by each TLR ligands (IMQ: 10 g/mL, polyI:C: 10 g/mL, 
LPS: 10 ng/mL) for 6 hours. Activity of NF-B was measured by using IVIS 
imaging system. The inhibitory effect in NF-B activation was determined as 














































































































































Figure 3-3. Increase of ear thickness by IMQ topical application.  
 
Mice were received a daily topical dose of Imiquimod cream (5%, 20 mg) on 
the right ear for four to six consecutive days. Ear thickness was measured on 
the days indicated. (A) Comparison of wild type (C57BL/6) and IL-17 
knockout or IFN- knockout mice. (B) Comparison of C57BL/6 and Balb/c mice. 
Data are presented as the mean ± SEM. *p<0.01. The presented data are 
















使用直前に 50％エタノールで 10 mg/mLの濃度に希釈し、実験に使用した。 
 
Imiquimod誘発耳介浮腫 
Balb/cマウスを用い、第 3章第 2節記載の手順に沿って IMQ誘発乾癬を誘導
した。IMQ塗布 30分前に、MabE群はMabE溶液を片耳当たり 200 µg、コント





マウス耳介からの RNAは TRIZOL (Invitrogen)により抽出した。各遺伝子発現
は ABI Prism 7300 sequence detection system (Life Technologies 






 Forward Reverse 
IL-17A CACCTCACACGAGGCACAAG GCAGCAACAGCATCAGAGACA 
IL-1 TCCAGGATGAGGACATGAGCAC GAACGTCACACACCAGCAGGTTA 
IL-19 TGACGTTGATTCTCTGCTCAGTTC AGGGACAGGATGGTGACATTTTT 
COX-2 GTGTGCGACATACTCAAGCAGGA TGAAGTGGTAACCGCTCAGGTG 






Optimal cutting temperature（OCT）コンパウンド（Sakura Finetek Japan）
に包埋し、液体窒素中で凍結、-80℃で保存した。CM3050S cryostat（Leica 
Microsystems）を用いて厚さ 10-20 mの凍結切片スライドを作製した。切片スラ
イドを十分に風乾させた後、PBSで洗浄後 5% BSA含有 PBSTで室温にて 1
時間ブロッキングを行い FITC標識抗TCR抗体（GL3, BioLegend, 1:500）ま
たは FITC標識抗 CD4抗体（GK1.5, TONBO, 1:500）を 4℃で 24時間反応さ
























































Figure 3-4. MabE attenuates IMQ-induced skin inflammation. 
 
Balb/c mice were received a daily topical dose of Imiquimod cream (5%, 20 
mg) on their ears for six consecutive days. A group of mice were treated with 
MabE (200 µg in 20 µL) on their ears 30 minutes before IMQ challenge. (A) 
Ear thickness was measured on the days indicated. (B, C) Mice were 
sacrificed and the skin biopsies were collected. Relative mRNA expression of 
the indicated genes are shown. The data indicate normalized mRNA 
expression in each time points compared to untreated control mice (day 0, 
n=4-6 mice/ group). Data are presented as the mean ± SEM. *p<0.05, **p<0.01. 






Figure3-5. MabE inhibits T cell invasion to inflammatory site. 
 
Balb/c mice were treated with IMQ cream for 6 consecutive days, and collected 
the auricular tissue. Immunofluorescence of TCR (green) (A), CD4 (green) 
































製した。調製した脾臓細胞を 2×106 cells/well となるよう 24穴プレートに播種し、
PMA (10 ng/mL) / Ionomycin A (500 ng/mL)を含む RPMI1640培地中で 24
時間培養した後、培養上清を回収した。同様の手順でコントロールマウスから回収
したナイーブな脾臓細胞は、MabE（50、100 g/mL）を添加した RPMI1640培
地中で 1時間反応させた後、PMA (10 ng/mL) / Ionomycin (500 ng/mL)で刺
激し、24時間後に上清を回収した。回収した上清は使用するまで-80℃で保存



















T細胞サブセットである CD27lo T細胞とT細胞からの IL-17A産生に対
するMabEの影響について検討した。その結果、脾臓での CD27lo T細胞 C 
（Fig. 3-7A, B）および細胞内サイトカイン染色により評価した IL-17A+ T細胞
（Fig. 3-7C,D）の割合と細胞数は IMQ塗布により顕著に増加した。耳介への
MabE処置は脾臓での CD27lo T細胞ならびに IL-17A+ T細胞の IMQ処
置による割合の増加には影響を及ぼさなかった一方で、細胞数の増加は有意に
抑制した（Figure 3-7）。さらにこれらの脾細胞を PMA/Ionomycin Aで刺激した
際に産生される IL-17Aの産生量を定量した。その結果、耳介での IMQ刺激に
より脾細胞から産生される IL-17Aは増加し、MabE処置はそれを有意に抑制し
た（Figure 3-8A）。加えて未処置マウス脾細胞を PMA/Ionomycin Aで刺激した


















Figure 3-6. MabE decreases IMQ-induced activation of T cells. 
 
Balb/c mice were treated with IMQ cream for 6 consecutive days, and 
splenocytes were collected. (A) Cells were subjected to flow cytometry analysis 
and the representative dot plots of lymphocytes electronically gated on 
CD3+NKp46- cells are shown. The numbers are the percentage of cells 
electronically gated on T cells (TCR+CD4-) and CD4+T cells (TCR-CD4+). 
(B, C) Summary (n=4 mice/ group) of percentages and cell numbers of T 
cells (B) and CD4+T cells (C) are shown. Data are presented as the mean ± 











Figure 3-7. MabE does not affect IL-17A-inducing T cell population. 
 
Balb/c mice were treated with IMQ cream for 6 consecutive days, and 
splenocytes were collected. (A, C) Cells were subjected to flow cytometry 
analysis and the representative histogram of CD27 (A) or IL-17A (C) in 
lymphocytes electronically gated on TCR+CD4- (in CD3+NKp46-) cells are 
shown. (B, D) Summary (n=4 mice/ group) of percentages and cell numbers of 
CD27lo T cells (B) and IL-17A+ T cells (D) are shown. Data are presented 
as the mean ± SEM. *p<0.05. The presented data are representative of at 







Figure 3-8. IL-17A production from MabE-treated mice are less compared 
with IMQ-treated mice. 
 
(A) Splenocytes collected from IMQ-treated mice on day 6 were (2×106 
cells/well) stimulated with PMA (10 ng/mL) and Ionomycin A (500 ng/mL) for 
24 hours. The cell-free culture supernatants were collected and the 
production of IL-17A were determined by ELISA. Data are presented as the 
mean ± SEM. *p<0.05 compared with IMQ-treated mice. (B) Naïve Balb/c 
splenocytes were incubated with or without MabE (50 or 100 g/mL) for 1 
hour, then stimulated with PMA (10 ng/mL) and ionomycin A (500 ng/mL) for 
24 hours. The cell-free culture supernatants were collected and the 
concentration of were measured by ELISA. Data are presented as the mean ± 
























幌、日本）から供与いただき、組成は Table 1に示す通りである。 
 
Imiquimod誘発耳介浮腫 












 Forward Reverse 
IL-17A CACCTCACACGAGGCACAAG GCAGCAACAGCATCAGAGACA 
IL-1 TCCAGGATGAGGACATGAGCAC GAACGTCACACACCAGCAGGTTA 
COX-2 GTGTGCGACATACTCAAGCAGGA TGAAGTGGTAACCGCTCAGGTG 



















Table 1. Composition of FBRA 
 
Ingredient Amount / 100 g 
Energy 348 kcal 
Protein 15.2 g 
Fat 19.7 g 
Carbohydrate 27.5 g 
Fiber 22.7 g 
Ash 10.0 g 
Calcium 346 mg 
Sodium 6.7 mg 
Zinc 6.63 mg 
Copper 700 µg 
Phytic acid 5.15 g 
Thiamin 2.73 mg 
Riboflavin 0.75 mg 
Vitamin B6 3.41 mg 
Tocopherol 12.0 mg 
SOD 1.1 x 103 unit 
Amylase 3.6 x 103 unit 
Lactic acid bacteria 5.7 log CFU/g 










Figure 3-9. Effect of FBRA-containing diet on IMQ-induced psoriasis model. 
 
Balb/c mice were received a daily topical dose of Imiquimod cream (5%, 20 
mg) on the right ear for four consecutive days. Mice were fed with control diet 
or 10% FBRA diet for 10 days before the first IMQ challenge. (A) Ear 
thickness was measured by thickness gauge 24 hrs after the each IMQ 
challenge. (B)   
On day 4, mice were sacrificed and the skin biopsies were collected. 
Expression level of IL-17A, IL-1, and COX-2 mRNAs in skin samples were 
determined by real-time PCR. Data are shown as relative mRNA expression 
normalized to -actin mRNA. Data are shown as the mean ± SD, *p<0.05 




































































































































 また、富山大学和漢医薬学総合研究所 天然物創薬学領域 Suresh 
Awale准教授には研究材料を供与して頂きました。この場をお借りして深く御礼申し
上げます。 
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